We have previouly demonstrated that the ODNs with 2-amino-6-(2-phenylsulfoxyethyl)purine nucleoside derivative were capable of efficient interstrand crosslinking with cytidine selectively. In this new strategy, less reactive precursor was auto-activated within a duplex to generate 2-amino-6-vinylpurine derivative.
INTRODUCTION
The cross-linking reaction between complementary duplexes or triplexes has been expected to enhance the inhibition of gene expression in the antisense and antigene methods. 1 ' Recently, the cross-linking reaction has attracted new attention as a tool for site-directed chemical modification to nucleobases of DNA or mRNA. 2) A number of alkylating agents have been reported, however, because of lack of target selectivity and chemical stability, these agents still need further improvement for general application.
Activation

Cross-Linking
We have already reported that 1 is selective alkylating agent toward cytidne.
3Hi)
Considering in vivo application of 1, we have further developed a new strategy for cross-linking in which a reactive vinyl group is auto-generated within a duplex. Thus, less reactive precursors (2, 3, or 4) were investigated for cross-linking and it has been proven that the phenylsulfoxide derivative (3) is efficient crosslinking motif.
7)
The ODN with sulfoxide derivative 3 produced the adduct in over 80% yield after 12 hours. The yield with the sulfide 2 gradually increased and reached ca 15% after 36 hours. However, during further investigation, it turned out that phenylsulfide derivative (2) was not incorporated into the DNA oligomers with G-rich sequences. In this paper, we wish to report that 2-amino-6-(2-methlsufinylethyl)purine nucleoside derivative is more suitable precursor for' efficient synthesis of the ODNs incorporating 1, especially for the G-rich sequence. In addition, the ODNs incorporating either 2-amino-6-(2-phenylsulfoxyethyl)purine or 2-amino-6-vinylpurine showed high reactivity toward the cytidine at the target site but quite less reactivity was observed for it at nontarget site, demonstrating high site-selectivity. Sequence of ODNs (7-10), 5 CTTT-X-TTCTCCTTCT X=2-amino-6-substituted purine (a)l) MeSNa, CH 3 CN, 2) PhOCH 2 COCl, 1-HBT, CH 3 CN, Pyridine, 3) nBu 4 NF, THF, 4) DMTrCl, Pyridine, 5) iPr 2 EtN, iPr 2 NP(Cl)OC 2 H 4 CN, (b) 1) Automated DNA synthesizer, 2) 0.1 N NaOH, 3) neutralized with AcOH, 4)10% AcOH, (c) 1) 3.0 eq MMPP, pH 10, 2) 470mM NaOH, d) PhSH, water, e) 2.0 eq MMPP, pH 10.
RESULTS AND DISCUSSION
Syntheses of the ODNs incorporating functionalized nucleoside analogs are summarized in Scheme 1. In our previous method, phenylsulfide (-SPh) was used as a protecting group of the vinyl group of 5.
5)t6)
However, the ODNs with the phenylsulfide-having nucleotide were not isolated, when the ODNs contained G-rich sequences, probably because phenylsulfide group was oxidized to generate the reactive vinyl group following nucleophilic reactions. Therefore, we selected more stable, methylsulfide group (-SMe) as a protecting group. Thus, the phosphoramidite derivative of 5'O-dimethoxytrityl-2N-phenoxyacetyl-2-amino-6-(2-methylthioethyl)-purine (6) was synthesized from the 2-amino-6-vinylpurine nucleoside derivative (5), and applied to an automated DNA synthesizer. Synthesized ODN (7) was obtained in a satisfactory yield and purified by HPLC. The sulfide-protected ODN (7) was smoothly converted to 8 by oxidation with magnesium monoperphthalate (MMPP) following an alkaline condition.
6)
The vinyl-bearing 8 was converted to the sulfide form (9) by the reaction with thiophenol. Then, 9 was oxidized in a quantitative yield to the sulfoxide (10) with two equivalents MMPP.
7)
The structures of the ODNs (8-10) were confirmed by MALDI-TOF mass measurements. 11: 3 'GAAACAAGAGGAAAGA 5 -"P 12:
QAAATCAGAGGAAAGA -"P 13;
GAAATAOGAGGAAAGA -"P 14;
GAAATAACAGGAAAQA The cross-linking reaction was investigated with the functionalized ODNs (10) and the 32 P-labeled ODNs(ll-14) bearing cytidine at 0, +1, +2, +3 position from the target site, and analyzed by gel electrophoresis with 20% denaturing polyacrylamide gel (Fig. 1) . In the reaction of sulfoxide 10 with complementary ODN 11 bearing cytidine at the target site, the efficient cross-linking reaction was observed.
In contrast, the reaction with ODNs (12-14) did not proceed efficiently (less than 10% after 24 hours). This result indicated that the ODNs incorporated sulfoxide 3 had an efficient site-selectivity toward cytidine. We also observed similar site-selectivity with vinyl bearing 8.
For development of more efficient cross-linking agents based on the new strategy of auto-activation, we next investigated direct generation of the vinyl group from the sulfide derivative. This idea was originated from the fact that the sulfide-bearing ODN (9) gradually formed cross-linked addut.
Thus, the ODNs having various sulfide structure were synthesized by the reaction of corresponding thiol with 15 (Scheme 2).
Unfortunately, suitable sulfide structure has not been determined yet.
Scheme 2
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X=p-bromo,p-nitro, etc. CONCLUSION In conclusion, we have successfully demonstrated highly efficient cross-linking toward cytidine by functional nucleobases capable of activation within a duplex. Further work is now ongoing in the search for sulfide structures which are more susceptible to the activation within duplex.
